I. Introduction
The aquatic sport of swimming is based on the human act of swimming, that is, locomotion in water by self-propulsion, with the goal of completing a given distance in the shortest amount of time. In some competitions swimming is for the enhancement of endurance or precedence rather than speed, such as crossing a long distanced channel or other stretch of open water. The sprints referred to short and high intensive events required high anaerobic capacity .Indeed, the acquisition of speed is critical for the majority of sports. In the event of track athletics, 100-meter freestyle sprinting race was probably the most impressive event in worldwide competition. The praise of being the fastest person in the world could be claimed by the world-record holder because of the sheer speed of this race. People all over the countries strive to complete in the international events, such as the Olympics game since 1896. However, we could seldom find Indian or even Asian on the final of sprinting events. There were numerous studies investigating the inborn characteristics of athletes determined by ethnicity. Swimming performance depends on optimizing propulsion and minimizing opposing factor-drag. Factors that contribute to this drag include the anthropometric measurements and body composition. Researchers investigated the proportionality characteristics of Olympic athletes in which the gender, ethnic and particular event influences on the physique of the athlete were studied. It was found that Black athletes tended to have proportionally longer arms, longer tibial length and larger thigh girth than the White athlete. Therefore, anthropometric measures have been identified to be significant factors affecting sports performance.
Sprinting, however, has shown limited percentage of improvement that can be made in other athletic events through prospering technical skills, strength and endurance. Therefore, identifying certain natural advantages of potential athletes is inevitable. Despite numerous researches and findings of identifying the factors of sprinting, it is a crucial question whether anthropometric variable of lower and upper limbs, including length, circumference and ratio are influential to sprinting performance. The purpose of this study was to examine the relationship between selected anthropometric measures of lower limbs and the sprinting performance of the 100 metre freestyle sprinting performance.
LACUNAE
Many studies have been reported in the previous times regarding the contribution of anthropometric measurements to sports. Most of them have been conducted in the foreign population. Very few studies have been conducted in the Indian population. Our study has been done specifically on the swimmers as very few studies have been conducted on the adolescent Indian swimmers.
AIM AND OBJECTIVES
The aim of the study is to establish a relationship between anthropometric profile and physical performance of adolescent Indian swimmers. The study included a total of 105 subjects aged between 15 and 18 years. Participants were fully informed of the possible risks and stresses associated with the test and signed consent forms prior to participation. Written consents were obtained from parents also. They had to participate in the 100-meter freestyle sprint and undertake selected anthropometric measures.
II. Methods
The study group was selected from the various swimming pools located at Chennai. Prior to the study meetings were held to explain the participants and their parents the aim of the study and its importance. Those who volunteered were chosen with strict adherence to the inclusion and exclusion criteria. The coaches were also informed duly. The same protocol was followed with the controls and the meetings (PIC:1) were held at SethuBhaskara Matriculation School. Written consent from the participants and parents were obtained. Subjects were instructed to avoid vigorous exercise for at least 48 hours and consume their normal pretraining diet before the test session. All the selected anthropometric measurements were taken by the pool side. The 100-meter freestyle sprinting was then taken in various swimming clubs. The controls also participated in the performance testing. 40 volunteers out of 70 controls who had just the knowledge of swimming but no professional training were tested for 100 mts freestyle sprinting performance. Standard anthropometric instruments were suggested by Norton et al. (1996) and were supported by the International Society for the Advancement of Kinanthropometry (ISAK).
Testing Procedures
The selected anthropometric measures were conducted by the pool side. The length and circumferences measurements were taken on the right side of the body. Every length and circumference variables was taken two times by the measurer, and the mean value was recorded for calculation. The advantage of taking multiple measurements was that random errors would tend to cancel out when the mean or median was used (Pederson & Gore, 1996). The anthropometric measurements for the control group were recorded in the school premises after due permission from school authorities. After all the anthropometric measurements were taken, subjects were asked to undergo a standardized warm-up, stretching routine, the 100-meter freestyle sprint and finally the cool down activity.
Measurement of stature
In this test, a stadiometer was used to check for height (Norton et al., 1996) . The subjects were without footwear. Standing erect, subjects placed their feet flat on the floor with their heels together. While looking straight ahead, their arms should be placed naturally aside both thigh with the pales facing inwards. The posterior part of the body, including the head, scapula, and buttocks were touching to the wall. The reading was taken to the nearest 0.1 cm.
Measurement of body weight
An electronic weighing scale was suggested by Norton et al. (1996) to measure the body weight. As the body weight would fluctuate during different time of the day, all the readings were taken at the same time of a day (Norton et al., 1996). The subjects dressed in minimal clothing and barefoot, got on to the middle of the scale with the weight distributed evenly between the feet. The measurement was taken with the participant standing erect with the looking straight ahead. The body weight was measured to the nearest 0.1 kg.
Measurement of thigh circumference (mid-thigh)
The positioning of the tape for each specific circumference is important to ensure validity and reliability (Callaway et al., 1988) . The thigh circumference was taken on the right leg perpendicular to the long axis of the thigh. The subject stood erect with the feet slightly apart and mass distributed evenly on both feet. The reading was measured at the level midway between the trochanter and tibial condyle (Norton et al., 1996) , to the nearest 0.1 cm.
The 100-meter freestyle sprinting protocol
The subjects were required to perform prior exercise including warm-up by jogging, stretching, moderate-to high-intensity striding and sprinting activities. The subject began from a starting position by lowering the centre of gravity and leaning slightly forward, ready to react to the command "Ready" and "Go". The timer stood at the finish line, at a location suitable for viewing the subject's start and finish. The starting helper stood at the starting line, gave the command "Go" while sweeping down his/ her arm. The timer started the stopwatch at the moment the sweeping down movement was seen. The subject would be encouraged to run in their maximal speed continuously through the finish line. The timer stopped the watch when the subjects' chest passed through the finish line, the time would be recorded to 2 decimal places. The sprinter performed a proper analysis. The timer stopped the watch when the subjects' chest passed through the finish line, the time would be recorded to 2 decimal places. The sprinter performed a proper cool-down by repeating the routine similar to the warm-up and by stretching the legs periodically afterwards to prevent delayed onset muscle soreness (DOMS). 
III. Analysis of Data And Results
The descriptive statistics of the control and study group's physical characteristics are shown in Table 1&2 : The general statistics for the selected anthropometric measurements was made for both the groups as seen in table 1&2. The tests revealed a significant difference in height, chest circumference, mid-thigh circumference and weight. The 100metres swimming performance was also assessed and the timings noted, the p value being less than 0.05. The MS difference in the mid-thigh circumference being the smallest indicates less deviation between the controls and the swimmers. The p value (Table 3) for t-test in the weight, mid-arm circumference, mid-thigh circumference, chest circumference and timings being less than 0.001 providing strong evidence against null hypothesis. The comparative charts depict the difference in the Mean, SD, Variance in the anthropometric measurements and 100 meters performance timings between the controls and the swimmers. 
IV. Discussion
The purpose of this study was to examine the relationship between selected anthropometric measures and the 100 meters sprinting performance in the adolescent age group Indian students. Several researchers have studied the morphologic and anthropometric characteristics of different populations of elite swimmers. One of the most extensive studies is Kinanthropometry in Aquatic Sports (A Study of World Class Athletes). This study, so-called KASP Study, was conducted during the 6th FINA World Championships in Perth (Australia) in 1991. In this study, body size, body fat, shape and proportionality of 922 elite aquatic athletes including 170 female swimmers and 231 male swimmers were measured by high quality and criterion anthropometries.
Although there are different predictors of elite swimming performance (physiological, mental, and physical), anthropometric assessment is one of the vital parameters, especially in talent selection programs. Anthropometry is the science of human body measurements including skinfolds, lengths, diameters and circumferences.
A study conducted by Galadas.ND et al in 2005 among Greek adolescent swimmers found a significant relationship of anthropometric measurements to 100metres sprint performance (r=0.22-0.31) p is lesser than 0.05. Similar association was found in our study too. Though the morphological variables are significantly better predictor of a swimming result in a sample of swimmers than in non-athletes, they would have more weightage in a comparative study within an athlete group. Study by Sekulic in 2007 observed that anthropometric variables predict the swimming results more significantly in the trained sample compared to non-athletic controls. This study had lots of similarities to ours.
From the results presented in the table 1&2 it is obvious that anthropometric variables predict swimming results more significantly in the trained sample (athletes), comparing to non-athletes. Generally, it is not hard to explain.
The sample of subjects we used in our study has a very similar swimming technique (e.g. their technique is excellent). In other words, if the swimming technique is not a component which differentiates the subjects in their swimming results -the greater part of the variance remains to be explained by other dimensions. In our case it allowed determination of the anthropometrics' influence on the swimming achievement. Basically, the most significant linear anthropometric predictor of swimming performance is BH. The linear relationship between BH and swimming performance can be explained simply. A more pronounced BH defines longer extremities, while longer extremities allow one to: perform fewer arm strokes for the same distance, but also to achieve a higher moment of force (MF) in the single stroke because of the law of levers (MF=F. a). In our case, the »F« is force applied during a single arm stroke, and »a« is the distance between a single joint and connection-point of the active muscles on the bone (lever). Naturally, »a« increases with BH, which is followed by an increase in MF, all allowing one to perform more effectively in FS. Of course, all said can be expected only if BH is followed by BW, in other words -muscle mass (MM) as a generator of force.
Therefore, the 1st hypotheses of our work is already practically confirmed since the morphological variables are a significantly better predictors of the swimming result in the sample of swimmers (trained athletes), than in previously studied8 non-athletes Our results were consistent with previously reported values for elite adolescent competitive swimmers. Previous research on anthropometry in athletes has suggested that certain physical characteristics such as height and limb length are associated with higher levels of performance in a given population of athletes.
Although previous research has been published on the anthropometric characteristics of elite swimmers and on anthropometric and other physical characteristics related to performance, the current research has examined a larger participant pool, has included both male and female athletes, and has included results from a broader range of ages. This view is also supported by another author Gregory D.Wells, who in his study, "Normal physiological characteristics of elite swimmers" analysed the anthropometric measurements and observed a positive correlation between selected anthropometric measurements and performance.
In fact, Prof. Carter and his colleagues conducted the Montreal Olympic Games Anthropological Project (MOGAP Study). In this study, 44 male and 33 female Olympic swimmers were assessed anthropometrically. He too found that body height was a major contributor to the swimming performance.
V. Conclusion
So it was concluded that the following selected anthropometric measurements such as height, mid-arm circumference, chest circumference and waist circumference definitely contributed to swimming performance. The better timings recorded among swimmers had a correlation to their anthropometric measurements when compared to that of controls. The best linear correlation was found between body height and swimming performance.
Recommendations for Further Study
Further recommendations for this study are as follows: 1. A larger sample size should be carried out in order to conduct a more representative research. 2. The sample should be obtained from subjects with various exercise background, including the elite athletes, recreational athletes and non-athletes. 3. Sprinting distance other than 100 meters could be included as the dependent variables. Other swimming styles like butterfly, breast stroke and back stroke could be included. The selected measures may be found to be predictors of the swimming performance at various distances with the same independent variables. 5. To acquire a more comprehensive relationship between the sprinting performance and the anthropometric measurements, others factors such as shoulder width, hip joint flexibility and skinfold thicknesses may be identified as predictors of swimming performance. 6. To ensure a more precise testing result in the sprinting test, the timer and the helper should be trained beforehand.
